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•
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Remote sensing in hydrology 
Remote sensing produces 
•
 
areal measurements in place of point measurements
•
 
all information is collected & stored at one place 
•
 
it offers high resolution in space & time 
•
 
data are available in digital form 
•
 
…
Remote sensing in hydrology 
•
 
better define soils and land covers over a watershed 
Æ required for the determination of infiltration, evapotranspiration, runoff
•
 
correct errors in input data based on point measurements 
•
 
estimate evapotranpiration
 
(ET) & soil moisture fields 
Schultz, G. A. 1998. Remote sensing in hydrology. Journal of Hydrology, 124, 1071–1107.
Singh, V. P. (ed). 1995. Computer Models of Watershed Hydrology. Water Resources Publications.
…
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Remote sensing in this study 
For hydrological modeling in poorly gauged basins & 
regions with a weak infrastructure (White Volta basin)
• Remote sensing (RS) is valuable data source 
-
 
RS satisfies several data requirements 
-
 
RS provides data near real time!!   
Æ no delay due to data collection, digitalization,…
In this study
•
 
RS products are used for a better description of land 
surface parameters in hydrological modeling
•
 
Land surface properties albedo & LAI (Leaf Area 
Index) from the space-borne remote sensing system 
MODIS are employed
Integration of MODIS derived land surface 
properties into a water balance simulation model
5 | S. Wagner | Institut für Meteorologie und Klimaforschung  (IMK-IFU) | 25.07.08
KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)
Regional hydrological modeling
Terrestrial Water Balance & Runoff components
Interflow qi
Direct Runoff qdir
Base Flow qbas
Evapotranspiration ETa
Precipitation P
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Potential evapotranspiration
α
•
 
Definition: maximum quantity of water capable of being evaporated from 
the soil to the atmosphere by evaporation and plant 
transpiration of a specified region (climate) 
• Penman-Monteith: 
with
and                                   
• albedo 
• LAI
 
leaf
 
area
 
index
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Potential evapotranspiration
•
 
List of symbols
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Potential evapotranspiration
•
 
ra
 
: aerodynamic resistance
•
 
rs
 
: bulk surface  resistance
http://www.fao.org/docrep/x4090/x4090e06.htm
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Surface albedo [ ] 
• Definition: reflectance of incident energy by the surface; 
determined by surface reflectance properties, which vary for 
different forms of surface materials and wetness
• Penman-Monteith: 
with
• increase
 
of  values Î decrease of
Potential evapotranspiration
α Eλ
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LAI: Leaf area index  [ ]
• Definition: total one-sided leaf area per unit ground surface 
• Penman-Monteith:
with
increase of LAI values   Î increase of
Potential evapotranspiration
Eλ
LAI
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Regional hydrological modeling
Terrestrial Water Balance & Runoff components
Interflow qi
Direct Runoff qdir
Base Flow qbas
Evapotranspiration ETa
Precipitation P
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hydrological 
model
meteorological input
1.
 
observation data
2.
 
meteorological model
3.
 
satellite data
• digital elevation model
• soil & land use grid
• soil & land surface properties
Information about spatial 
and temporal changes of 
water balance variables
Regional hydrological modeling
Surface Runoff [m³/s] Evapotranspiration [mm/a]
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Regional hydrological modeling
Digital Elevation 
Model
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Regional hydrological modeling
DEM
+ Tables with Soil and Land Use properties
Soil grid Land Use grid 
Code Name Albedo
surface 
resistance  DOY's LAI
veg. 
height 
veg. 
covering
root 
depth
[monthly] 1 …
 
4 1 …4 1 …4 1 …4 1 …4
8 shrubland
19 bar.sparse.veg.
Example: Land Use Table
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Land surface properties in hydrological model
•
 
Standard ÆWHITE VOLTA basin
Code Name Albedo
surface 
resistance  DOY's LAI
veg. 
height 
veg. 
covering
root 
depth
[monthly] 1 …
 
4 1 …4 1 …4 1 …4 1 …4
8 shrubland 0.22
10 savanna 0.20
19 bar.sparse.veg. 0.25
DOY=1
Albedo
timeDOY=365
α
DOY=Day Of the Year
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Land surface properties in hydrological model
•
 
Standard ÆWHITE VOLTA basin
Code Name Albedo
surface 
resistance  DOY's LAI …
[monthly] 1 … 4 1 …4
8 shrubland 0.22 120, 180, 240, 304 1.5, 2.5, 2.5, 2.5
10 savanna 0.20 120, 180, 240, 304 1.5, 2.0, 2.0, 2.0
19 bar.sparse.veg. 0.25 120, 180, 240, 304 0.5, 1.5, 1.5, 1.5
DOY=1
LAI
timeDOY=365
LAI
DOY=Day Of the Year
DOY’s 1 …4
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Land surface properties in hydrological model
•
 
Standard ÆWHITE VOLTA basin: two seasons – dry season
–
 
rainy
 
season
Code Name DOY's LAI
1 … 4 1 …4
8 shrubland 120, 180, 240, 304 1.5, 2.5, 2.5, 2.5
10 savanna 120, 180, 240, 304 1.5, 2.0, 2.0, 2.0
19 bar.sparse.veg. 120, 180, 240, 304 0.5, 1.5, 1.5, 1.5
DOY=1
LAI
timeDOY=365
LAI
DOY=Day Of the Year
DOY’s 1 …4
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Land surface properties in hydrological model
•
 
Satellite derived: MODIS 
•
 
Satellites provide worldwide spatially 
information on land surface properties 
(e.g. MODIS entire earth every 2 days) 
•
 
ADVANTAGES: 
-
 
more detailed spatial and temporal 
description of land surface variables 
-
 
one data source
-
 
allows inter-annual investigations
- …
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MODIS
•
 
http://modis.gsfc.nasa.gov/index.php
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MODIS
•
 
http://modis.gsfc.nasa.gov/index.php
•
 
Moderate Resolution Imaging Spectroradiometer 
•
 
Terra (EOS AM)
 
& Aqua (EOS PM)
 
satellites
•
 
global coverage within 1 to 2 days
•
 
36 spectral bands: 0.4 –
 
14 µm
•
 
goal: improve understanding of global dynamics 
& processes on land, oceans, lower atmosphere
•
 
44 data products (250 –
 
1000 m)
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MODIS – 44 data products
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MODIS
MODIS LAND: 
•
 
MOD 43: Surface Reflectance BRDF/Albedo 
Parameter  
-
 
spatial resolution: 1km
-
 
temporal resolution: 16 days
•
 
MOD 15: Leaf Area Index (LAI) and Fractional 
Photosynthetically Active Radiation (FPAR)
-
 
spatial resolution: 1km
-
 
temporal resolution: 8 days
•
 
detailed description: MODIS_albedo_43.pdf   & 
MODIS_LAI_43.pdf
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MODIS-data, HDF Explorer
tile
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MODIS-data example: LAI (Jan. 2003)
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Integration of MODIS products in a 
hydrological model
¾ MODIS time series generation (TiSeG)
-
 
done by C. Conrad & R. R. Colditz (University Wuerzburg) 
Æ topic tomorrow 
-
 
analysis of Quality Assurance Science Data Set (QA-SDS)
Æ number of invalid pixels & maximum gap length
-
 
invalid pixels are either masked or spatial/temporal interpolated
¾ Composites of Albedo (16 days)  and LAI (8 days) grids
-
 
analysed (quality checked) 
-
 
aggregated to monthly means
-
 
monthly grids are imported into hydrological model
-
 
imported MODIS grids replace the internally generated standard grids
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TiSeG results (2004)
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TiSeG results (2004)
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TiSeG results (2004)
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MODIS albedo & LAI, rain
seasonal cycle for the White Volta basin
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Albedo
MODIS 3 month-mean standard literature
albedo depending on LU type Jan-Mar Oct-Dec
Jul-SepApr-Jun
standard literature versus MODIS 2004
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Albedo
MODIS 3 month-mean 
Jan-Mar Oct-Dec
Jul-SepApr-Jun
standard literature versus MODIS 2004
MODIS:
Latitudinal profile of monthly means
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Albedo
2004
Jan-Mar Oct-Dec
Jul-SepApr-Jun
Inter-annual
 
variability: MODIS 2004 & 2005
2005 
Jan-Mar Oct-Dec
Jul-SepApr-Jun
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Leaf Area Index- LAI
MODIS 3 month-mean 
Jan-Mar Oct-Dec
Jul-SepApr-Jun
dry season:
rainy season:
standard literature versus MODIS 2004
Nov-Apr
May-Oct
standard literature
LAI depending on LU type
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Leaf Area Index- LAI
MODIS 3 month-mean 
Jan-Mar Oct-Dec
Jul-SepApr-Jun
standard literature versus MODIS 2004
MODIS:
Latitudinal profile of monthly means
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Leaf Area Index- LAI
2004
Jan-Mar Oct-Dec
Jul-SepApr-Jun
Inter-annual
 
variability: MODIS 2004 & 2005
2005 
Jan-Mar Oct-Dec
Jul-SepApr-Jun
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Impact of MODIS albedo and LAI 
on water balance estimations 
a) time series of spatially 
aggregated variables 
b) spatial distribution of annual 
sums 
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Impact of MODIS albedo and LAI : time series
results: hydrological
 
simulations
Eta [mm]
legend: 
Control-Run
MODIS Albedo 
MODIS LAI      
MODIS Albedo & LAI
Î
ETp [mm]
Qtotal [mm]
2004:
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Impact of MODIS albedo and LAI : time series
inter-annual
 
variability
results: hydrological
 
simulations
legend: 
Control-Run
MODIS Albedo 
MODIS LAI      
MODIS Albedo & LAI
ETp [mm]
2004: 2005:
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Impact of MODIS albedo and LAI : time series
inter-annual
 
variability
results: hydrological
 
simulations
legend: 
Control-Run
MODIS Albedo 
MODIS LAI      
MODIS Albedo & LAI
ETa [mm]
2004: 2005:
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Impact of MODIS albedo and LAI : time series
inter-annual
 
variability
results: hydrological
 
simulations
legend: 
Control-Run
MODIS Albedo 
MODIS LAI      
MODIS Albedo & LAI
Qtotal [mm]
2004: 2005:
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results: hydrological
 
simulations
Impact of MODIS albedo and LAI : spatial distribution
Annual
 
sums
 
of potential ET
MODIS LAI
MODIS 
Albedo & LAIMODIS AlbedoCTR
2004:
[mm]
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results: hydrological
 
simulations
MODIS Albedo MODIS LAI
Impact of MODIS albedo and LAI : spatial distribution
Differences
 
of annual
 
sums
 
of potential ET
with
 
respect
 
to simulations
 
using
 
static
 
tabulated
 
values
[m
m
]
MODIS Albedo & LAI
2004:
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results: hydrological
 
simulations
Impact of MODIS albedo and LAI : spatial distribution
Differences
 
of annual
 
sums
 
–
 
MODIS Albedo & LAI
with
 
respect
 
to simulations
 
using
 
static
 
tabulated
 
values
[m
m
]
ΔQtotalΔETaΔETp
2004:
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ΔETa ΔQtotalΔETp
results: hydrological
 
simulations
[
m
m
]
Impact of MODIS albedo and LAI : spatial distribution
Differences
 
of annual
 
sums
 
–
 
MODIS Albedo & LAI
with
 
respect
 
to simulations
 
using
 
static
 
tabulated
 
values
total basin: +2% +1% -1%
sub basin: -2%  –
 
+5% -4%  –
 
+7% -26%  –
 
+35%*
2004:
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results: hydrological
 
simulations
Impact of MODIS albedo and LAI : spatial distribution
inter-annual
 
variability: 
Annual
 
sums
 
–
 
MODIS Albedo & LAI
ETp : 2004 2005
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results: hydrological
 
simulations
Impact of MODIS albedo and LAI : spatial distribution
inter-annual
 
variability:
Differences
 
of annual
 
sums
 
–
 
MODIS Albedo & LAI
with
 
respect
 
to simulations
 
using
 
static
 
tabulated
 
values
ΔETp : 2004 2005
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results: hydrological
 
simulations
Impact of MODIS albedo and LAI : spatial distribution
inter-annual
 
variability:
Differences
 
of annual
 
sums
 
–
 
MODIS Albedo & LAI
with
 
respect
 
to simulations
 
using
 
static
 
tabulated
 
values
ΔETa : 2004 2005
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results: hydrological
 
simulations
Impact of MODIS albedo and LAI : spatial distribution
inter-annual
 
variability:
Differences
 
of annual
 
sums
 
–
 
MODIS Albedo & LAI
with
 
respect
 
to simulations
 
using
 
static
 
tabulated
 
values
ΔQtotal : 2004 2005
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results: hydrological
 
simulations
ETp ETa Qtotal
Tabulated 1879 770 81
MODIS ALB 1961 785 79
MODIS LAI 1851 763 81
MODIS ALB & LAI 1916 779 80
ETp ETa Qtotal
Tabulated 1966 734 85
MODIS ALB 2035 741 83
MODIS LAI 1926 739 83
MODIS ALB & LAI 1962 744 81
ETp ETa Qtotal
Tabulated 214 83 66
MODIS ALB & LAI 173 80 62
Impact of MODIS albedo and LAI : spatial distribution
Tables
ETp ETa Qtotal
Tabulated 234 87 60
MODIS ALB & LAI 193 82 57
2004 2005
annual sums:
Standard deviation within subcatchments:
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Summary 
•
 
Integration of MODIS albedo & LAI into a hydrological model 
•
 
Comparison MODIS albedo & LAI versus standard literature values 
-
 
albedo: increased level of detail  in spatial dimension 
-
 
LAI: additional better representation of temporal development
•
 
MODIS application allows inter-annual comparisons 
-
 
further advantage: all data are based on same data source & time 
•
 
Impact  of MODIS albedo & LAI on hydrological simulation results
-
 
minor on daily time series of spatially aggregated variables, 
occurring differences agree well with theoretical impact (Penman-
 Monteith) & the differences in albedo & LAI grids 
-
 
clear on spatial distribution of water balance variables   
Further readings:
Wagner, S., Kunstmann, H. Bárdossy, A., Conrad, C., Colditz, R., Water balance estimation of a poorly 
gauged catchment in West Africa using dynamical downscaling of meteorological fields and remote sensing 
information J. Phys.Chem. Earth (2008), doi:10.1016/j.pce.2008.04.002
Wagner, S. Water Balance in a Poorly Gauged Basin in West Africa Using Atmospheric Modelling and 
Remote Sensing Information, Dissertation  
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Thank you !!
GLOWA Volta
Hydrological Services Department in Ghana
Remote Sensing Unit, Universität Würzburg
